The toxic effect of Ricinus lectin RCA I, as estimated by the inhibition of [3H]leucine incorporation, was investigated on chick-embryo fibroblasts at different stages of development. There appeared to be a differential susceptibility ofchick-embryo fibroblasts to lectin RCA I. Fibroblasts from 16-day embryos were the most sensitive to its toxic effect in terms of both concentration and time, and cells from 8-day embryos were the least sensitive. This differential sensitivity to the toxic effect of lectin RCA I was closely related to the binding of the lectin: fibroblasts from 16-day embryos had more binding sites (1.5 x 107/cell) with a high affinity than did 12-day (0.45 x 10'/cell) or 8-day embryos (0.2 x 107/ cell). Studies on the specificity and the removal of bound lectin RCA I by D-galactose indicated that the lectin binding was necessary but not sufficient in itself to cause the toxic effect and that the lectin needed to enter the cells in order to be toxic. The amount of lectin RCA I needed to induce a 50-60% toxicity enters fibroblasts of 16-day embryos more rapidly than those of 12-and 8-day embryos.
Lectins, which are plant agglutinins, have various effects on embryo cells at different stages of differentiation, especially with regard to cell agglutination (Kleinschuster & Moscona, 1972; Krach et al., 1973) and cell growth (Aubery & Bourrillon, 1975 , 1976 Kaplowitz & Moscona, 1976) . For these effects to take place, the lectins need to bind to cell-surface glycoproteins (Nicolson, 1974) . The mechanism of lectin action is not yet clear. Moreover, certain lectins isolated from Abrus precatorius (abrin) and Ricinus communis (ricin) induce a toxic effect in animal cells (Nicolson, 1974; Olnes, 1972; Olnes & Pihl, 1973) . Two types of lectin can be extracted from Ricinus communis. Lectin RCA II (mol.wt. 60000), which has been extensively studied (Nicolson et al., 1975) , has a weak agglutinating effect, but is highly toxic. Lectin RCA I (mol.wt. 120000) has a powerful agglutinating capacity, but is less toxic than lectin RCA II . The toxic effects of these lectins on embryo cells have, however, not been investigated.
In the present paper, we report the results of our studies on the toxic effects oflectin RCA I, as estimated by [3H] leucine incorporation, on chick-embryo fibroblasts at various stages of development.
Materials and Methods

Cells
The fibroblasts were obtained from 8-, 12-and 16-day chick embryos by the method of Rein & Vol. 182 Rubin (1968) modified as previously (Aubery & Bourrillon, 1975) .
described
Ricinus communis lectin
The tetrameric form (RCA I, mol.wt. 120000) of Ricinus communis (castor bean) lectin was purified by the procedure of Nicolson & Blaustein (1972) . The preparation of lectin RCA I was homogeneous, as determined by disc gel electrophoresis and analytical centrifugation. Solutions of the lectin were prepared at a final concentration of 100,ug/ml in 0.15M-NaCl and added to cell cultures at final concentrations ranging from 0.001 to 1Oug/well.
Labelling of lectin RCA I
The lectin was labelled by the method of Miller & Great (1972) by using ['4C]acetic anhydride (specific radioactivity 10-3OmCi/mmol; The Radiochemical Centre, Amersham, Bucks., U.K.). Labelled lectin was purified by gel filtration on a Sephadex G-25 column (2 cm x 40 cm), the eluting buffer being 0.005 MNaHCO3/0.15M-NaCl, pH7 (buffer A). The specific radioactivity of lectin RCA I was 5.6 x 106 d.p.m./mg. The labelled lectin behaved exactly like native lectin in the erythroagglutination test. The labelled lectin solution was used at a final concentration of 1 mg/ml in buffer A.
Binding studies
Monolayer cultures reaching confluency were washed three times in Dulbecco's phosphate-buffered saline, pH7.4 (Dulbecco & Vogt, 1954 (Nicolson & Blaustein, 1972) . Non-specific binding, which amounted to 10 % of the total binding, was subtracted from the total bound radioactivity in order to determine the specific binding of lectin RCA I. The radioactivity of each sample was counted in a liquid-scintillation spectrometer (Intertechnique SL 300). '4C-labelled lectin RCA I was used at final concentrations ranging from 1 to 80,cg/ ml. Experimental data were plotted by the method of Scatchard (1949) , taking into account the molecular weight of the lectin (120000).
Cell cultures
Primary monolayer cultures were made in 16mm-diameter wells in 0. (Fig. 1) . The number of binding sites with a high affinity constant increased with the age of the fibroblast (8 days, 0.2 x 107/cell; 12days,0.45 x 107/cell;and 16 days, 1.5 x 107/ cell). Thus fibroblasts from 16-day embryos exhibited the highest number of lectin-binding sites with a high affinity constant (Table 1 ). The number of binding sites with a low affinity constant was 1.13 x 107/cell and 4x 107/cell for 8-and 12-day embryos respectively (Table 1) .
Differential cytotoxic effect of lectin RCA I Lectin RCA I was added to the culture after the latter had reached confluency, which in fibroblasts from 8-, 12-and 16-day embryos occurred after 48, Vol. 182 72 and 96h respectively. The effects on [3H]leucine incorporation were observed with different lectin concentrations and after various incubation times, namely 1, 2, 4 and 8 h. During these times, the cell number (0.95 x 106±0.07x 106 cells/ml) and cell protein content (147.5±25 ug/106cells), as measured by the method of Lowry et al. (1951) , remained constant in the controls as well as in the lectin-treated cultures.
(a) Dose-response. The dose-response was studied after a 4h incubation in the presence of lectin at various concentrations ranging from 0.001 to IOug/ml (Fig. 2) . Lectin 
Specificity of the lectin RCA I effect
In order to test the specificity of the lectin toxicity by using its specific inhibitor, lectin RCA I (0.2,ug/ml) was incubated with D-galactose (0.1 M) before being added to the cell cultures. After a 2h incubation, the toxic effect of lectin was partially (50-60 %) inhibited by D-galactose in fibroblasts from 8-, 12-and 16-day embryos. After an 8 h incubation, the toxic effect of the lectin was no longer inhibited (only 15 %) by D-galactose in fibroblasts from 8-, 12-and 16-day embryos (Table 2 ). The inhibitory effect ofD-galactose on lectin toxicity therefore decreased with time.
Removal ofbound labelled lectin RCA I
In an attempt to investigate the reversibility of lectin RCA I binding to embryo cells, the cells were incubated with lectin for various lengths of time, before the addition of D-galactose (0.1 M). This incubation was performed at 370C, so that endocytosis might occur. D-Galactose released 95-98 % of the labelled lectin after a 5min incubation, 85-88% after a 30min incubation, but only 65-70% after 90min at all stages of development (Fig. 3) , indicating that the removal of bound lectin decreased with time until 90min. Thereafter, the amount of lectin RCA I that could not be released remained at 30-35 % of the bound labelled lectin. These results suggested that lectin RCA I could enter the cells. From Fig. 3 , it was concluded that 0.12,ug of lectin RCA I remained bound to fibroblasts from 16-day embryos from 15 min of contact between lectin and cells, and this amount was sufficient to induce a 60 % toxicity. During this time a similar amount of lectin RCA I remained bound to fibroblasts from 12-and 8-day embryos, but inducing only 28 and 12% toxicity respectively. In order to reach a 50-60 % toxicity (as well as in fibroblasts from 16-day embryos), fibroblasts from 12-day and 8-day embryos needed to bind at least 0.2 and 0.6,ug of lectin RCA I; this was obtained only from 30 and 90min of contact respectively.
Discussion
A differential cytotoxicity of lectin RCA I was observed in chick-embryo fibroblasts in relation to their stage of development. Fibroblasts from 16-day Vol. 182 embryos were the most sensitive to the toxic effect of the lectin as measured by [3H]leucine incorporation, and those from 8-day embryos were the least sensitive.
The particular sensitivity of 16-day-embryonic fibroblasts may be related to the fact that they have a larger number of lectin-binding sites with a high affinity constant than 8-and 12-day-embryonic fibroblasts. There would therefore be a direct correlation between the binding of lectin RCA I and its toxic effect.
The most likely explanation for the biphasic curves seen in the Scatchard (1949) plots for 8-and 12-dayembryonic fibroblasts was that there were two classes of binding site and that two different affinities were involved (Adair & Kornfeld, 1974) . Another possibility would be that there was only one class of binding site, but that the binding of the lectin exhibited negative co-operativity (Levitzki & Koshland, 1969 Moreover, under culture conditions (at 37°C), lectin RCA I or a part of it could also be bound to sites other than sites containing galactosyl residues, since the specific inhibition of the lectin toxicity by D-galactose became less marked with time.
It has been observed that ricin (RCA II) needs to enter the cells in order to have a toxic effect (Nicolson et al., 1975) . Similarly, lectin RCA I could enter the cells, probably either because of endocytosis or as a result of facilitated permeability. This hypothesis is supported by the results of the experiments on the release of bound lectin RCA I by D-galactose (0.1 M), since the amount of bound labelled lectin not released by D-galactose increased with time under the experimental conditions in which the toxic effect was observed.
Moreover, our results suggest that the amount of lectin RCA I needed to induce a 50-60% toxicity enters 16-day-embryonic fibroblasts more rapidly than those of 8-and 12-day embryos.
If lectin must enter cells in order to exert its toxic effect, ribosomes could be the primary subcellular sites for the action of lectin RCA I, as has been reported for cycloheximide (O'Brig et al., 1971; Baker & Humphreys, 1972) , abrin and ricin (Olnes, 1972; Saltvedt, 1976 
